The development of husbandry practices in non-model laboratory fish used for experimental purposes has greatly benefited from the establishment of reference fish model systems, such as zebrafish and medaka. In recent years, an emerging fish -the turquoise killifish (Nothobranchius furzeri) -has been adopted by a growing number of research groups in the fields of biology of aging and ecology. With a captive life span of 4 -8 months, this species is the shortest-lived vertebrate raised in captivity and allows the scientific community to testin a short time -experimental interventions that can lead to alterations of the aging rate and life expectancy. Given the unique biology of this species, characterized by embryonic diapause, explosive sexual maturation, marked morphological and behavioral sexual dimorphism -and their relatively short adult life span -ad hoc husbandry practices are in urgent demand. This protocol reports a set of key husbandry measures that allow optimal turquoise killifish laboratory care, enabling the scientific community to adopt this species as a powerful laboratory animal model.
Introduction
Given their short life span and rapid life cycle, turquoise killifish are rapidly growing as a promising new model organism in biology 1, 2, 3 . This species is characterized by a unique life cycle for a teleost, consisting of embryonic diapause, rapid sexual maturation, and an extended postreproductive life stage 4, 5 . Recent work has contributed to elucidating the biology of this species both in captivity and in the wild 6, 7 . Turquoise killifish live in seasonal fresh water bodies that form during the rainy season in the African savannah in Zimbabwe and Mozambique. During the dry season, embryos survive in the dry mud in the absence of water by virtue of a stress-resistant life stage called diapause.
Genetic maps for this species have been generated 8, 9 , and recently their genome has been sequenced and assembled 10, 11 . Several inbred laboratory fish strains have been developed, and transgenesis and genome editing via CRISPR/Cas9 have become available in this species, de facto promoting turquoise killifish as a competitive laboratory vertebrate model organism 12, 13, 14 .
Although a laboratory protocol has already been published for this species 15 , in the present protocol we develop a comprehensive list of experimental laboratory guidelines that are specifically aimed at studies that investigate aging and survival. The present protocol enables researchers already familiar with zebrafish and medaka husbandry to become versed in turquoise killifish husbandry by adopting a minimum number of key adjustments. At the same time, this protocol provides researchers without prior experience in fish husbandry with the essential tools to raise a thriving turquoise killifish colony.
Embryo incubation in methylene blue
NOTE: Liquid incubation in methylene blue solution prevents parasite growth and enables detection of dead embryos and unfertilized eggs. 1. Inspect incubated embryos, removing any dead embryos (stained blue by methylene blue) from the Petri dish to prevent fungal and bacterial contamination that affect the survival of live healthy embryos. 2. Remove old methylene blue solution and replace with fresh solution. 3. Return Petri dish to 28 °C incubator ( Figure 1A) . Within 7 -10 days, ensure that the developed embryos show visible black eyes.
Transfer these embryos to the coconut fiber or the filter paper solid substrate medium ( Figure 1B ). 4. Retain undeveloped embryos in methylene blue, monitor daily, and transfer to solid substrate medium once black eyes have developed. 5. Repeat steps 3.3.1-3.3.3 daily until embryos have visible black eyes.
NOTE: Constant exposure of embryos to methylene blue may induce long-term changes in adult fish physiology.
4. Embryo transfer to filter paper NOTE: Turquoise killifish embryos can develop on a dry substrate, recapitulating natural conditions. Additionally, dry embryo incubation enables researchers to synchronize embryos and hatch them on the same day. 1. As developed embryos will have visible black eyes within 7 -10 days, use a disposable Pasteur pipette or fine curved tweezers to transfer embryos from the methylene blue solution onto a previously prepared filter paper plate. 2. Spread embryos ~5 mm apart with forceps, up to 100 embryos per 90 mm plate ( Figure 1B) . 3. Seal the Petri dish with parafilm. 4. Incubate embryos at 28 °C for 2 -3 weeks, until they have fully developed golden irises and are ready for hatching ( Figure 1C) .
NOTE: Do not prolong incubation of ready-to-hatch embryos for longer than 2 weeks as their viability will be dramatically reduced.
5. Embryo transfer to coconut fiber NOTE: Autoclaved, sterile coconut fiber (or organic peat moss) can be used as a valid alternative medium for solid substrate incubation. 1. Use a disposable Pasteur pipette or fine curved tweezers to transfer embryos from the methylene blue solution onto a ready-to-use coconut fiber plate. 2. Spread embryos ~5 mm apart, up to 100 embryos per 90 mm plate ( Figure 1B) . 3. Seal the Petri dish with parafilm. 4. Incubate embryos at 28 °C for 2 -3 weeks, until they have fully developed golden irises (e.g. in Figure 1C) .
NOTE: For long-term storage (up to one year), transfer embryos at 3-days post collection from methylene blue solutions to a solidsubstrate plate at 17 °C. Incubate embryos until they develop black eyes.
Hatching Turquoise Killifish
NOTE: Turquoise killifish embryos can be successfully hatched in a humic acid solution 14 .
1. Using fine curved tweezers, transfer carefully 50 -100 developed embryos into the hatching box filled with the humic acid solution at 4 °C. The humic acid solution consists of 1 g/L humic acid in system water. Autoclave and store at 4 °C for up to 10 weeks. Make sure that all embryos are completely immersed. The humic acid solution must be shallow, not deeper than 2 cm. NOTE: Low temperature of humic acid solution improves hatching and complete immersion of the embryos in the solution allows synchronized hatching. 2. Place the hatching box into the 28 °C hatching incubator. Cover the hatching box with the lid. To supply sufficient aeration, connect hatching box by tubing with air supply. NOTE: Not sufficient aeration during the incubation results in high rates of fry not able to fill the gas bladder ("belly-slider" phenotype, see Note in section 5.1) 3. From the day after hatching, to maintain the adequate water quality in the hatching box, add autoclaved system water once a day in the proportion of 1:1, keeping a final depth of 2 cm. 4. Transfer unhatched embryos back to the solid substrate, and attempt hatching a week later.
NOTE: Upon hatching, turquoise killifish are readily capable to uptake and consume live food. For optimal growth, feed fry twice per day with excess freshly hatched brine shrimp (Artemia salina). The sign of full satiation is the orange-colored abdomens of fry after 10 -15 min of each feeding. Siphon out the excess, uneaten and decomposed brine shrimp using a Pasteur pipette on a daily basis.
Raising Juvenile and Adult Fish
1. At five days post-hatching, move juveniles to the water re-circulation system. Using disposable plastic pipettes (or a plastic spoon), carefully transfer five juveniles per 0.8 L tank equipped with 400 µm fry screen (Figure 2 ). NOTE: It is possible that a portion of juvenile killifish will not have filled the gas bladder, resulting in a typical "belly-slider" phenotype, characterized by fish not reaching proper buoyancy, forcing them to continuously swim, causing severe malformations in adult fish. These fish cannot be used for survival assays or for efficient breeding and need to be censored. 4. For the following 7 days, feed juveniles twice per day with ~2 mL of brine shrimp per fish. At this stage fish can be supplemented with 1 -3 live blood worms (in case the blood worm larvae are too large for the fish, chop them into smaller pieces with a razor blade). To prevent deterioration of water quality, siphon out uneaten food and additional waste twice per week. 5. After 3 weeks from hatching, remove fry screen from the back of the tank and start to feed each fish twice per day ~2mL of brine shrimp and 0.5 mL of blood worm. At this stage, juveniles should have reached 1 cm in body size and should be capable of ingesting full-size blood worm. 6. At 4 weeks of age, feed each fish twice per day with ~2mL of brine shrimp and 1 mL of blood worm. Females can be co-housed at a density of up to 3 females per 2.8 L tank. 7. At this stage ensure that fish reach complete sexual maturation. Check for the presence of large dorsal, anal and caudal fins with signs of coloration in males and round abdomens full of eggs in females. NOTE: Raising adult fish in individual tanks for survival cohort studies may negatively affect fish behavior and health. However, group housing for survival cohort studies adds significant confounding factors due to the establishment of social dominance and male territories, leading to strict social hierarchies.
Feeding
Note: Laboratory turquoise killifish can be fed a combination of baby brine shrimp (Artemia salina nauplii) and blood worm (Chironomus spp. larvae). Turquoise killifish fry are fed exclusively baby brine shrimp. Juvenile and adult fish are fed twice a day both brine shrimp and blood worm (Figure 2) . Ideally, fish can be fed multiple times a day, exceeding the 2 feedings indicated in this protocol. 
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Discussion
We describe a protocol for laboratory culturing of turquoise killifish, including embryo collection, incubation, as well as adult fish housing, breeding, and feeding. Our protocol is specifically targeted to laboratories that conduct research focused on adult fish, in particular for experimental studies on aging and life span. Turquoise killifish can be raised on a standard zebrafish facility; however, important aspects of killifish husbandry differ from standard zebrafish care 16 . These adjustments include early transition from a brine-shrimp only diet to a diet supplemented with protein-rich blood worm, as well as specific steps in embryo incubation, consisting of a liquid and dry incubation stage.
Critical steps within the protocol include shipping embryos within 8 -30 °C temperature range. In case of breeding, fecundity depends on feeding frequency and food quality; therefore, we recommend at least two feedings a day per breeding tank to raise embryos yield (see section 5.6.). During embryo bleaching, do not extend embryo incubation in the bleaching solution. This may cause damage to the egg chorion and increased embryo mortality. When incubating embryos with methylene blue, do not prolong incubation of ready-to-hatch embryos for longer than 2 weeks as their viability will be dramatically reduced. For hatching turquoise killifish, low temperature of humic acid solution improves hatching and complete immersion of the embryos in the solution allows synchronized hatching. Not sufficient aeration during the incubation results in high rates of fry not able to fill the gas bladder ("belly-slider" phenotype, see Notes in section 5.1).
Limitation of the protocol for breeding includes the use of the sand substrate which poses challenges to centralized filtration systems and should be replaced by alternative methods in the future. Possible alternatives could be the use of zebrafish breeding tanks. Embryo bleaching could cause major physical-chemical changes in the egg chorion that could result in altered chorion physiology and hatching success. Constant exposure of embryos to methylene blue may induce long-term changes in adult fish physiology. Raising adult fish in individual tanks for survival cohort studies may negatively affect fish behavior and health. However, group housing for survival cohort studies adds significant confounding factors due to the establishment of social dominance and male territories, leading to strict social hierarchies. Therefore, we judge that isolation of male fish for survival studies is a reasonable compromise. Feeding laboratory killifish colonies with live food from un-controlled sources add a risk for external contaminations from parasites and potentially pathogenic microbial communities. In the future, an ad hoc sterile fish feed should be developed.
Future improvements to this protocol will focus on a controlled, non-live diet, which still leads to completing sexual maturation within 3 -4 weeks. In summary, our protocol offers accessibility to turquoise killifish laboratory culturing to a wide scientific community.
Disclosures
All the authors declare no competing financial and non-financial interests.
